Purpose To evaluate and compare the possible changes in pupil size subsequent to panretinal laser photocoagulation (PRP) via conventional laser and pattern scan laser (PASCAL). Patients and methods Forty eyes of 40 patients with diabetic retinopathy were included. 20 eyes had a PRP via conventional laser and formed Group 1. 20 eyes had a PRP via PASCAL laser and formed Group 2. The participants underwent standard ophthalmologic examination at baseline. Automated infrared pupillometry were performed at baseline and month 1. Results The mean pupillary measurements (mm) for Group 1 (in the order photopic, mesopic, and scotopic conditions) were 2.88 ± 0.34, 3.38 ± 0.40, and 3.95 ± 0.38, and changed to 3.64 ± 0.42, 4.18 ± 0.42, and 4.58 ± 0.48, respectively. There was significant increase in pupil size at month 1 (Po0.001, Po0.001, and Po0.00, respectively). For Group 2, they were 2.90 ± 0.38, 3.43 ± 0.36, and 3.90 ± 0.40, and changed to 3.18 ± 0.42, 3.74 ± 0.36, and 4.10 ± 0.38, respectively. There was significant increase in pupil size at month 1 (P = 0.018, P = 0.014, and P = 0.014, respectively). The pupil size increased significantly in both groups in all illumination conditions. Conclusıon We have demonstrated via automated infrared pupillary measurements that PRP may significantly increase pupil size whether it is performed with conventional laser or PASCAL laser.
Introduction
Retinal laser photocoagulation was introduced in the 1950s 1 and still remains the gold standard for the treatment of peripheral retinal ischemic diseases. Some large multicenter trials supported the positive effects of laser treatment in patients with diabetic retinopathy. [2] [3] [4] However, panretinal laser photocoagulation (PRP) treatment is not perfect. The therapeutic destruction of isolated retinal areas with lasers maybe accompanied by the unavoidable destruction of normal adjacent tissues such as ciliary nerves. 5, 6 Some previous studies have revealed that retinal laser treatments can affect pupillary anatomy, potentially due to short and long ciliary nerves damage. 7, 8 Dilated pupils, loss of accommodation, and tonic pupil have been reported in small case series. 7, 8 In addition, a dilated pupil may cause photophobia due to the excessive amount of light entering the eye. Also, it may increase ocular aberration and cause visual symptoms.
In this study, we used an automated pupillometry device to measure the pupil diameters in scotopic, mesopic, and photopic conditions before and after the PRP via conventional laser and pattern scan laser (PASCAL). As the impact of PRP on the pupil size of patients with proliferative diabetic retinopathy has not been studied, with the present research, we aimed to evaluate possible pupillary changes subsequent to PRP treatments. 
Materials and methods

Ophthalmic examination
Each participant received a standard ophthalmologic examination by an experienced physician (IY) involving refraction, visual acuity, slit-lamp biomicroscopy, Goldmann applanation tonometry, ultrasonic pachymetry, axial length measurements (IOL Master, Zeiss, Jena, Germany), fundus flourescein angiography, and optical coherence tomography (Spectralis, Heidelberg Engineering, Heidelberg, Germany). All automated pupillometry measurements were taken via Sirius (Costruzione Strumenti Oftalmici, Scandicci, Italy) by a masked physician (IP) at the planned laser day before the pupil dilatation and after a month from PRP completion.
Eligibility criteria
Inclusion criteria required that participants had proliferative diabetic retinopathy (neovascularization elsewhere, neovascularization disc, or both proven via fundus flourescein angiography).
Patients were not included in the study if they had an ocular disease other than diabetic retinopathy, systemic disorders other than diabetes, diabetic macular edema, advance proliferative diabetic retinopathy (neovascularization iris, neovascular glaucoma, or retina detachment), a history of intraocular surgery, active lid or adnexal infection, a history of previous retinal laser therapy or intravitreal injection, a history of systemic medications during the last 3 months, a history of ocular medication during the last year, and a history of ocular or head trauma. Also smokers and heavy alcohol drinkers (drinking five or more drinks on the same occasion on each of five or more days in the past 30 days) were excluded.
Study groups
The population of suitable cases consisted of all consecutive patients who planned to receive PRP between August and September 2015. First 20 consecutive patients underwent PRP via conventional laser (Visulas 532 s, Zeiss, Carl Zeiss AG, Oberkochen, Germany) and formed Group 1. Second 20 consecutive patients underwent PRP via PASCAL (OptiMedica Corp., Santa Clara, CA, USA) and formed Group 2. If both eyes of a patient qualified for study, then the right eye was designated as the study eye for patients with an even birth month number and the left for those with an odd birth month number. The sample size was calculated using SPSS SamplePower software version 3.0 (IBM, Armonk, NY, USA). On the basis of the research design and strategy, sample size was calculated with 90% power of study. The minimum requirement for each group was 18 patients. This study was performed in Istanbul and conducted according to the principles of the Declaration of Helsinki. All participants' informed consents were obtained.
Laser protocols
Conventional laser was used for Group 1 and PRP was completed in three or four sessions, which involved placing roughly 1800 burns of 400 μm a half-spot size apart.
PASCAL laser was used for Group 2 and PRP was completed in a single session, which involved placing roughly 2000 burns of 400 μm (ie, gray-white burns) a spot size apart with power set to be sufficient to produce a burn of only light intensity.
With both laser devices, the procedure was continued to encompass the entire retina, yet spare the central macular and temporal-nasal midperipheral areas, which entail long posterior ciliary nerves covered with laser burns. Topical anesthesia was adequate for all participants.
Automatic infrared pupillometry measurements
Sirius is a placido-based videokeratoscope with two Scheimpflug cameras, one central and one rotating (Costruzione Strumenti Oftalmici, Scandicci, Italy). The device allows both static and dynamic pupillometry, and uses different illumination levels to measure pupil size in scotopic (0.04 Lux), mesopic (4 Lux), and photopic (40 Lux) conditions. Figure 1 presents an example of the device's printout.
Pain score (PS) measurements
PS were administered by asking patients to record their subjective impressions of pain using a scale from 0 (lowest) to 10 (highest). The scale was horizontally oriented, measuring 10 cm, and the value for statistical analysis was measured with a rule at the point where the mark was inserted by the patient. For the conventional laser group, PS was measured after 30 min from the first session completed. For the Pascal group, PS was measured after 30 min from the only session completed.
Data analysis
Data were expressed as mean ± SD. The KolmogorovSmirnov test was applied to assess the normal distribution of data. To compare before-and-after pupillometric measurements in each group, a paired sample t-test was performed. To compare pain responses between laser groups, an independent sample t-test was performed. The Statistical Package for the Social Sciences version 20 (SPSS, Chicago, IL, USA) was used for data analysis, for which values of Po0.05 were considered to be statistically significant.
Results
Demographic characteristics
The study sample consisted of 40 eyes of 40 participants (23 females and 17 males), all of whom were Caucasian. Group 1 consisted of 20 eyes of 20 participants (11 females and 9 males) and Group 2 consisted of 20 eyes of the other 20 participants (12 females and 8 males).
As shown in Table 1 , participants' demographic characteristics such as age, refractive error, visual acuity, axial length, pachymetry, intraocular pressure (IOP), and HbA1c values were not significantly different between the groups (P40.05 for all); (Table 1) .
Laser parameters
Standard conventional laser photocoagulation is done using single spots with pulse durations of 100-200 ms (Table 2) . Multispot laser delivers multiple uniform laser burns simultaneously, by a single foot pedal depression in a variety of patterns. The device saves time and reduces discomfort from the long laser sessions (Table 2) .
Pupillary measurements
The mean pupil sizes of patients in Group 1 (in the order: photopic, mesopic, and scotopic conditions) were 2.88 ± 0.34 , 3.38 ± 0.40 , and 3.95 ± 0.38 mm at baseline, and changed to 3.64 ± 0.42 , 4.18 ± 0.42 , and 4.58 ± 0.48 mm, respectively, after a month from PRP completion ( Table 3) .
The mean pupil size of patients in Group 2 were 2.90 ± 0.38 , 3.43 ± 0.36 , and 3.90 ± 0.40 mm at baseline, and changed to 3.18 ± 0.42 , 3.74 ± 0.36 , and 4.10 ± 0.38 mm, respectively, after a month from PRP completion ( Table 3 ). The pupil sizes of all participants were increased after the laser treatments ( Table 3 ). The pupil size increased significantly in both groups in all illumination conditions (Table 3) .
Pain responses
PS was 5.2 ± 3.0 for Group 1 (averages of each session PS) and 1.7 ± 1.4 for Group 2. There was a significant difference between groups in pain response (P = 0.001). 
Discussion
It is well known that there are some adverse effects of PRP for diabetic retinopathy such as moderate visual loss, macular edema, glare and light sensitivity, headache, some diminished visual field, reduced color vision, nyctalopia, and reduced contrast sensitivity. 9, 10 Choroidal thickness and choroidal blood flow significantly reduces after PRP. 11 Ocular pain and headache are other problems of PRP. 12 There are also some adverse effects of PRP on pupil. 8, 11 Patel et al 8 presented four cases in which the pupil remained dilated for 6-18 months following panretinal laser treatment. They reported that those patients complained of difficulties of their vision, especially on sunny days. 8 Lobes and Bourgon 11 presented post-laser pupillary abnormalities in his 22 patients' case series. They reported that all patients developed sector palsies of the iris sphincter, whereas 15 patients demonstrated supersensitivity to 0.125% pilocarpine, four patients developed accommodative paresis, and six patients showed light near dissociation. 11 There is not sufficient data in literature on pupillary changes after retinal laser treatments. However, in the present study, we have proved via automated infrared pupillary measurements that pupil sizes were significantly increased after PRP.
Pascal has some advantages over conventional laser such as lower levels of pain-anxiety-headache and short exposure time. [13] [14] [15] Al-Hussainy et al 14 reported that shortening exposure time of retinal laser is significantly less painful, but equally effective as conventional parameters. Similarly, in our study, the PS was significantly lower in PASCAL laser group. However, the pupil was affected from PRP for both laser systems. Previous studies showed that the therapeutic destruction of isolated retinal areas with lasers is accompanied by the unavoidable destruction of normal adjacent retinal tissue. 5, 6 Schiodte 16 have suggested that lasers damage short ciliary nerves as they traverse suprachoroidal space, nerves that left the ciliary ganglion while moving to the ciliary body and iris. We have not seen any direct damage to the iris in any of the participants, so we hypothesize that increased pupil size in both group of patients receiving PRP maybe secondary to damage to short posterior ciliary nerves. The pupil size was more affected in conventional laser group than Pascal group. We think that intense laser burns via conventional laser may cause more damage on ciliary nerves than less intense laser burn via PASCAL. Sheth et al 17 documented that the total energy of the PASCAL system is a third of that of conventional lasers. Kaufman 18 worked on monkeys and reported that the severity of morphological changes in nerves passing through the choroid depended directly on the intensity of the laser burn. a The intended spot size on the retina (after contact lens magnification).
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Pupillary constriction is a part of the near reflex with accommodation and convergence. Although occurring in association with accommodation and convergence, it does not depend on either one. 19 Increased pupil size may cause difficulties on near vision of the patients. Also highorder aberrations maybe increased and photophobia may occur. Physicians may need different type of laser or better delivery systems to avoid pupil size changes after PRP. It may be advisable to use less laser spots and power as possible for only the carefully selected ischemic peripheral retina. Maybe, physicians should use fewer lasers and more intravitreal anti-VEGFs. An interesting previous study on patients with proliferative diabetic retinopathy showed that treatment with only ranibizumab resulted in visual acuity that was noninferior to PRP treatment at 2 years. 20 This study has posed several limitations. Pupillary changes after PRP via other new laser systems (such as navigated-laser system) was not studied. The strongest side of the study is being the first study that reports objective pupillary measurements after PRP treatments via two different laser systems.
In sum, we have demonstrated via Sirius-automated infrared pupillary measurements that PRP via conventional laser and PASCAL may significantly influence pupil size. Although PASCAL causes less damage on normal tissues, we may still need safer type of laser device protocol to avoid pupillary changes after PRP. Further studies are thus needed to see possible pupillary changes after other new laser systems. Also possible visual effects of increased pupil size after PRP should be studied.
Summary
What was known before K We did not know that panretinal laser treatments affect pupil size or not.
What this study adds K We have demonstrated first time via Sirius-automated infrared pupillary measurements that panretinal laser photocoagulation via conventional laser and PASCAL may significantly increase pupil size. Pupil size changes with laser photocoagulation I Yilmaz et al
